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ABSTRACT

The evaluation of tre market notential for
passive solar designs in residential new con-
struction offers an attractive counterpart to
the numerous market penetrition uitessments
that have been pervormed over the last four
years. Market penetration analyses have gan-
erally concerned themselves with the "lcng
run" adoption of sciar enzrgy technologies,
while Market Potential Indexing {MPI) addressed
here examines the near-term atiractiveness of
solar. The MPI mathod {5 briefly reviewed,
foilowed by sprcification of six attributes
that may characterize the residential single-
family new construction market, Raw attribute
date for each of the six i¢ presented for 220
regions within the Unitued States. Attribute
welighting functions are constructed from the
perspoctive Lf consumers, producers or home
builders, and the federal government. Prelim-
inary results from these three perspectives
are portrayed for & fixed sized direct gain
design.

1. NTRODUCTYUN

In 1980, the Economic Analysis Group at the
Los Alamos Natinnal Laboratory bengan work on

a method for avalyating the potential of pas-
sive solar markets. This method, called
“Market Potential Indexing" (MP1), 1s based on
multi-attribute decision analysis. Several
previous papers have been published describing
the method and providing samples cf 1imited
studies (1, 2, 3). The purpose of this paper
is to present the results of the first prelim-
inary nationwide study using the MPI method.

The overall study addresses the residential,
single-family, new-construction market sey-
ment and tncludes Trombe .«all, direct gain,
and attached sunspace passfve solar designs,
The results are presented using a method of
attribute data normali{zation that allows com-
parison both among technologies and among al-
ternative "values" placed on each market
*Funding for the analysis upon which this
paper {s based was provided by the Passive and

Hybrid Systems Division, Office of Solar Build

ing Applications, U.S. Department of Energy.

attribute. Three sets of attritute-weighting
values or factors are used to evaluate the
sensitivity of the results to various weight-
ing combinations. The results ¢f the study
show that there is a wide variation in market
potentials based on the differerces in market
perspective. The weighting ass‘gned for the
consumer perspective resulted i a surprisingly
homogeneous set of f nal MPI va ues.

2. MARKET POT A

An economic performance code which evaluates
the foasibility of residential rassive solar
space heating designs (4) has bren developed.
The model--Los Alamos/UNM EASE-1]1--1s used
to provide the technical, econonic, and cost
input data and structure the geographic markoet
boundaries of the MPI mode:. This model uses
220 clustered county regic..s based on the
SOLMET (5) weather data buase tc define a set
of highly disaggregated data bises. These
data are used as the starting point for the
market potential indexing process.

Each local market has a set of common quanti-
fiable attributes that effect Jocal market
potentials. These include weather characte. -
istics, solar performance, building costs, and
fuel-type usage and costs. By using multi-
attribute decision analysis te:hniques, one
can construct a quantitative market potential
model that will allow comparison petween loua:
markets. The market attribute; that are used
for the study presented in this paper were
developed specifically for the residential,
single-family, new-construction market segment.

Equation [1] 1s the value function used to de-

termine the Market Potential )Index value for
each of the 220 market regions:

6
Py -321“5 vJ(A“) (1

where:

1 = the market region index {=1,..,.220;
J = the attribute fndex i=1.....6:



P1 = the Market Potential Index value
for the ith market region;
vj(Aij) = the value function of the jth at-
tribute for the ith market region:

and
Nj = the weighting factor for the jth
attribute, ?ij =1.)

3.  MARKET ATTRIBUTES

The first step in the study was to esteblish
a set of market attributes which met two major
criteria. First, the attribute had to unique-
1y (but not necessarily independently) repre-
sent a market place characteristic that has a
major influence on the acceptance of sclar
tachnologies. Second, the attribute must be
capable of being evaluated in all 220 market
regions by use of available data sources. The
Los Alamos/UNM EASE-III code 1s capable of
providing many | feces of raw input data that
can be used to evaluate several attributes.
Additional information is available from the
National Associfation of Home Builders, U.S.
Bur eau of the Census, !I.S. Departments of
Housing and Urban Development, Commerce, and
Labor, the Iaternal Revenue Service, and oth-
ers. A discussion of each of the attributes
follows. (The »ttribute values have been de-
veloped for a direct gain desigr using 224f 2
of south-facing glass with an aperture to mass
ratio to 1.0 - 1.5.)

c.1 Attribyte Specification
The solar performance attribyte defines the

dolar value of energy savings that could bde
achieved by a typical new home. It considers
such economic and financi~1 parameters as the
total cost of the specified solar system, the
present and future cost of conventional fuels,
mortgags terms. The fractional breakdown of
housing by fuel type is used to "weight" the
dollar savings (in present value terms) for
eacn "typical" home by the proportion of new
single-family home starts employing major con-
ventional fuels. Fiy. 1 provides an example
of the valua distribution of tais attribute,

Fig. V.

Attribute 1 - Solar Performance
(Nat Present Yalue-19803%)

Relative differences among and rankings of
this attribute do provide useful information
about the potential for future markets.

The enerqy market share attribute describes the
energy savings that could be achieved if pas-
sive solar designs were integrated into all
new home constructiorn. The raw attribute val-
ues vary by market region according to solar
savings fraction by fuel type, fuel type shares
in new construction, number of housing starts,
and new-construction home heating loads. This
attribute 1s defined as the product of regional
housing starts, the Btu displacement for a
typical home by fuel type, and the proportion
of new homes employing that fuel type. This
attribute 1s shown in Fig. 2.
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Fig. 2. Attribute 2 - Energy Market Share*

(mmBtu/Market Region/Year)

The consumer 1iquidity attribute describes the
consumer's financial obligations and benefits.
It measures the consumer's net cumulative cash
flow after five years. The net expenditures
for the direct gain passive solar design are
summed over five years to arrive at the cumu-
lative net cash flow position for each typical
consumner for each of the fuel types. Fuel
type proportions in new single-family resi-
dential construction have been used to weight
this attribute to arriva at a composite net
cash position value for a “typical" home by
region. Fig. 3 geographically portrays these
composite net cumulative cash flow values.

The government 1nc%nt1y3 ?;gripygg measures
the "vaTue™ of state and focal governmental
incentives available for installation of solar
eoutpmant, (It ¥s still uncertain how mu.y of
these are really applicable to passivc solar
designs.) These incentives take the form of
tax credits, tax deductions, grants, lcw-
interest loans, other cost deferments, and

*The mapping procedure used in this paper has
been developed for {llustrative purposes only.
Tie reqions are ranked ordered in ascending
fashion, with each "keyed" category represent-
fng 20% of the total,
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Fig. 3. Attribute 3 - Consumer Liquidity
and general market stimulus. This was a dif-
ficult attribute to evaluate because of the
number of different types of incentives and
implementation schemes. It was necessary to
categorize the incentives and then establish
an indexing system for each category to astab-
1ish a system of comparison. Fig. 4 1)lus-
trates the qualitative "value" distribution
tor Attribute 4,
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Fig. 4. Attribute 4 - Government Incentives

The income characteristic attribute is a par-
tia) ‘mea.ure of the ability of families within
the market reqion to afford new housing. High-
er incomes allow for a higher 1ikelihood of
home buying qualification and a better ability
to pay for solar add-on costs. The value dis-
tribution for Attribute 5 s shown in Fig. 5.

The population growth attribute is a proxy for
new Eouseﬁola Tormation. The market potential
for newly constructed passive solar houses
will usually be highest where the demand for
new construction starts is highest. (Even
thou?h this attribute is not tndependent of
Attribute 2 it was deemed appropriate to in-
¢lude a measure of growth potential as a
separate attribute.? The value distribution

for Attribute 6 1is shown in Fig. 6.

Fig. 5. Attribute 5 - Income Characteristics

(Thousands of Dollars/Year/Household)
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Fig. 6. Attribute 6 - Population Growth

(Thousands of Persons/Year/Market Region)

3.2 Attribute Normalization

The attributes are measured in many different
dimensions. It was necessary to transform
each of these measucements into & dimension-
less utility number that reflects {its "good-
ness" or "badness." This {s done by develop-
ing 4 transformaticn function for each set of
attribute data. The overall maximun minimum
values are determined for the data and a range
of values is defined over which the value of
the utility function can vary from 0 to 100.
Finally, functional relationship 1s developed
that allows a utility number tc be evaluated
from measured value in the attridute data sets,
For this version of the MP! methodology, a
1ine transformation function {s assumed. The
transformation process involves shifting the
zero point and scaling the data to conform
with 0 to 100 range og the utility values.



4. ATTRIBUTE WEIGHTING FACTOR EFFECTS

4,1 Development of the Attribute Weighting

The role of the attribute weighting factors is
to provide a method of emphasizing or de-empha-
sizing the effects of the attributes on the
market place. It is impossible to determine

a single "best" set of weiahting factors be-
cause of the subjectiv e of human behav-
ior. The best one car .ope to do is to come
close enough to proviue useful output from the
HMPI model. In most cases, the "usefulness" of
the data depends on the perspective of the
person using the data. Each individual will
weight the market factors quite differently.

In order to characterize the effects of the
weighting factors on the MPI resylts, we de-
veluped three sets of weighting factors to use
with the passive solar technology in this stu-
dy. The weight factor sets were developed
from the perspective of the consumer, the pro-
ducer, and the government. The weighting
factor sets presented here represent a reason-
able perspective, and should be used only to
11lustrate the possibilities for MPI analysis
in general. Table 1 1ists these weighting
factor sets.

TABLE 1

WEIGHTING FACTORS FOR THE SINGLE-FAMILY
NEW-CONSTRUCTION STUDY

Con-  Pro- Govern-
Attribute sumer ducer ment
1-Solar Performance .30 1N 18
2-Energy Market Share .05 .30 .26
3-Consumer Liquidity .40 .08 .18

4-Government Incentives .10 .06 .15
5-Income Characteristics .10 .20 .07
6-Population Growth .05 .25 .16

The consumer weighting factors emphasize those
market attributes that affect the "micro" en-
vironment. For example, the heaviest emphasis
is placed on Attribute 3, "“consumer liquidity,'
which directly affects the consumer's cash
flows. The least emphasis is placed on the
"macro" attributes such as "enerqy market
share" and "population growth."

The producer weighting factors emphasize the
market attributes that will create a climte
favorable to new home construction. The heav-
jest weight 1is placed on the "energy market
share” attribute, which essentially defines
the market size. The low we1?ht1ngs are given
to the attributes that deal with the corsumer's
personal finances.

The government weighting factors generally
give e "macro” attributes the most emphasis,
n particular, the "energy market share" at-

tribute receives the highest weight. The goal
of the covernment weighting is to determine

where the best opportunities exist for promo-
tion of passive solar.

4,2 Preliminary Results

One of the questions addressed by this study

is: "For a given set of attribute data, how

do the market potentials change when the weight-
ing factors are varied?" Each of the attributes
exhibits its own geographic distribution (see
Figs. 1 through 6?. Some of the attributes

are distributed by climate and latitude, while
other reflect patterns of income and population.

By close analysis of the weighted normalized
data, the reasons for seemingly illogical re-
sults can be determined. In cases where there
is a high weighting on population growth and
average househoid income, the solar performance
and energy market share attributes are masked.
Since these latte~ two attributes carry tie
ciimatic and solar performance data, overriding
them can cause problems.

Use of the three different weighting factors
provides data sets with distinctly different
distributions. Results from the producer and
government anaiysis are so similar “hat the
same MPI value break points can be used in the
figure legends. Data from the consumer analy-
sis was distributed so differently it must be
analyzed separately.

The consumer weighting results (Fig. 7) indi-
cate ¢ good market poteritial through the Mid-
west and Northeast. Results are heavily clus-

tered between 40 and 50 for most regions; this
makes interpretation difficult.
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Fi?. 7. MPI Values - Consumer Heighting
Dimensionless Index from 0 to 100)

Strong market potential 1s distriputed widely
across the U.S, with the producer weights

(Fig. 8). Particularly strong potential {s fin-
dicated for the northern third of the U.S.

Government weighting factors yleld lower MPI]
values (Fig. 9? than with the producer set.
Strong market potential is indicated for the



Northern Midwest and Ohio River Valley regions,
the state of New York, and the New England
region.

Fi?. 8. MPI values - Producer Weighting
Dimensionless Index from 0 to 100)

Fig. 9.
(Dimensionless Index from 0 to 100)

MPI Values - Government Weighting

5. JUMMARY

The results presented above highlight the pos-
sibi1ities and problems involved in the asses-
sment of market potential for passive solar
designs in new single-family residential con-
struction. Work continues on differing model
spectfications for the MPI techrique, more
realistic specification of market attributes,
and attainment of a greater concensus for
proper weighting factors. Work 1s progress-
ing on examining another market segment, the
retrofit single-Family residential sector.

Yote: A1l raw attribute and MPI figures
(maps) presented in this paper must be con-
sidered preliminary.
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